Ninety-six 7-month-old Hereford heifers (two replicates of 48, one year apart) were individually fed for 2 years a basal ration containing .14% phosphorus on an "as fed" basis, which approxiamted 66% NRC recommendations. Forty-eight of the animals were limited to this low phosphorus (P-) diet. The other 48 (P+) received sufficient monosodium phosphate, top dressed on the basal ration, to elevate phosphorus intake to .36% on an "as fed" basis (174% NRC recommendations).
INTRODUCTION
Phosphorus in the ruminant diet was researched by Theiler et ak (1928) and by several other scientists during the early thirties (Eckles et al., 1932 (Eckles et al., , 1935 Henderson and Weakly, 1930; Kleiber et al., 1936; Theiler and Green, 1932) . Aphosphorosis in catle is reported to he widespread and phosphorus supplementation is a common practice.
Many scientists have associated reduced reproductive performance with a phosphorusdeficient diet. Ovarian dysfunction and reduced fertility in cattle were reported by Hignett and Hignett, 1951; Short and Bellows, 1971; Theiler et al., 1928 . Fertility and calving rates are quite sensitive to phosphorus intake according to a phosphorus review by Preston, 1976 . Reduced weight gains were reported by Holzochuh 1971; Morrison, 1956; Winks and Laing, 1968. Inappetance was reported by Morrison, 1956 . Conversely, other scientists reported that phosphorus supplementation had little influence on reproductive efficiency (Eckles et aL, 1935; Palmer et al., 1941) . The contradictory reports are due, at least in part, to difficulty in maintaining individual phosphorus intake and the arduous problem of developing an uncomplicated phosphorus deficiency and defining the resulting physiopathology. There is evidence (Cook, 1971) that low phosphorus content is correlated with low crude protein in plants. In many of the literature reports of phosphorus deficiency it is not clear whether there were adequate levels of all nutrients other than phosphorus.
This research was initiated to compare the influence of two dietary levels (low and high) of phosphorus on feed consumed, body-weight gain, puberty and reproductive efficiency of beef cattle. The heifers were housed in groups but were individually fed with total daily feed consumption measured and recorded. Animals had free access to water. Bedding consisted of wood shavings, straw or both. The animals were housed in open sheds with access to corrals and provided with individual tie stalls.
MATERIALS AND METHODS
The basal diet consisted of various combinations of pelleted or chopped alfalfa, chopped wheat straw and chopped grass hay, with beet molasses as a top dressing. The diet was fomulated to be phosphorus-deficient (averaging . 14% "as-fed" basis) yet provide adequate energy, protein, minerals and vitamins. Proportions of the ration were adjusted periodically to maintain, as nearly as possible, a .5 kg daily gain during the growing period and to provide adequate nutrients for pregnancy and lactation, except the low-phosphorus content was maintained. A phosphorus-free mineralvitamin mixture was fed free-choice, containing salt, manganese, zinc, iodine, copper, cobalt, molybdenum and vitamins A and D. It was proportioned so that when consumed at the rate of .22 g/kg body weight per day these nutrients were provided in quantities equal to or exceeding recommended levels (NRC). The roughage portion of the diet averaged approximately 15% protein.
Molasses was added as needed for an energy source. Forty-eight animals received only the basal diet and comprised the low-phosphorus (P-) group. The other 48 animals received the basal diet, but top-dressed with monosodium phosphate at the rate of .34 g/kg body weight per day (.088 g of elemental phosphorus/kg body weight per day) and comprised the high phosphorus (P+) group. At 20 months of age the P+ heifers in the second replicate (02) were reduced in the monosodium phosphate to .25 g/kg body weight and to .21 kg at 24 months of age. This was not a problem with the 01 replicate because they were placed on pasture, as explained below.
Feed prior to purchase and periodic representative samples of the basal diet fed throughout the experiment were analyzed for 2Blake, J.T. 1969. Unpublished analytic procedure. ~A highly specific anti-progesterone was supplied courtesy of Dr. G.D. Niswender, Department of Physiology, Colorado State University, Fort Collins. phosphorus and calcium content. Samples of fed as described until approximately 18 months of age. They were then placed in low-phosphorus, irrigated pastures. The P-group received a phosphorus-free mineral-vitamin supplement ad libitum. The P+ group received ad libitum the same mineral-vitamin mixture but fortified with monosodium phophate. In the fall, (approximately 21 months of age) both groups of the 01 cattle were again returned to dry lot, but were groupfed on low phosphorus grass hay. The P+ group received free choice the phosphorus fortified pasture eaten by the first replicate (01) animals were also analyzed periodically for phosphorus content (air dry basis). Analysis of feed was done colorimetrically, by a molybate-reduction method.
The (01) animals were randomly divided into Pand P+ groups. All were housed and individually mineral-vitamin mixture, while the P-group received the phosphorus-free mineral-vitamin mixture, ad libitum. The animals calved in drylot and after calving were returned to irrigated pastures, this time without a phosphorus or mineral-vitamin supplementation. Feed consumption in the pastures was estimated by body weight gains and by nutrient analysis of the native grasses.
The second replicate (02) animals remained confined and individually fed for a complete 2-year period. This group of cows was bred and calved in dry lot.
All animals in both replicates were bred naturally via 3-month exposrue to bulls. The cows were checked monthly for pregnancy status after exposure to the bulls. In addition, they were weighed and bled bi-monthly or monthly. The blood (and serum) from each period were analyzed for phosphorus content. At the beginning of the trial, part of the 13th rib and a piece of intercostal muscle were removed from the right side of each heifer. A second rib and muscle samples were removed from the left side when the heifers were ! 6 months old. Bone and muscle were analyzed for phosphorus, and the bone used for microradiogrpahic studies.
The whole blood and serum, including blood proteins, were digested and analyzed. Similarly, the bone and defatted muscle were digested. Tissues were digested with 60/40 v/v of nitric and perchloric acid by an unpublished technique 2. The tissues were analyzed colorimetrically for phosphorus (Hycel reagent). Analyses for progesterone were also performed using a radioimmunoassay 3 method modified from that described by Smith and Hafs (1973) .
Phosphorus balance studies, using total urine and feces collection, were conducted at selected intervals for a 5-day period from randomly selected cows (four at a time).
Rectal examinations were performed at 2-week intervals to determine onset of puberty, beginning with the first week of April (approximately 1 year of age) and continuing for 10 weeks. The ovaries were palpated for follieles or corpus luteum formation, or both.
RESULTS
The total feed intake ("as-fed" basis) over a 2-year period for all the animals averaged 7.20 kg/day for the P-group and 7.26 kg/day for the P+ group. The feed consumption by 3-month periods, for each group, is given in table I and reflects the appetite of each group with limitations placed on the animals that would eat the most feed. The number of animals that were restricted in feed consumption were the same in both groups.
The daily phosphorus consumption, by 3-month period, is given in table 2. These data show phosphorus intake in relation to NRC recommendations (1976), for growth, breeding, pregnancy and lactation. The average phosphorus concentration in the basal (P-) group was .14% and for the P+ group was the. 14% plus .22% from supplementation, total .36%. Phosphorus intake was periodically altered with changes in the ration, with time, and with biological status changes. In relation to NRC recommendations, the phosphorus intake varied as the animals, ration and biological status changed. The percent of the NRC recommendations for the P-cattle got as low as 52% and as high as 88% with an average of 66% of daily phosphorus intake, and a low of 64% and a high of 272% with an average of 174% for the P+ cattle. These Variations were not as wide in the P+ cattle. Variations were not as wide in the individual feeding.
Average calcium content was high (1.01%) and average phosphorus content low (.14%) in the basal ration. Consequently, the Ca/P ratio was wide (7.14:1) for the low phosphorus cattle. The ratio was less (3.5:1) for the phosphorus supplemented cattle. There were compositional variations in both Ca and P of the basal ration and in the phosphorus supplementation rate, as described previously. Therefore, the Ca/P ratio became as extreme as 8.96:! in the P-group and 1.31:1 in the P+ group.
There were no significant differences in body growth and weight (table 3) between the P-and P+ cattle. The growing heifers gained an average of .44 kg/day in the P-group and .45 kg/day in the P+ group, during the first 15 months on the trial, or through the second trimester of pregnancy. There was no apparent difference in feed utilization. The P-group required 14.23 kg of feed for each kilogram of growth compared to 14. 18 kg of feed for each kilogram of growth in the P+ group. After l0 days on trial, the phosphorus concentrations (replication average, table 4) in both whole blood (16.0 mg%) and blood serum (8. ! mg%) in the P-cattle were considerably lower than the repsective concentrations (19. l mg%, 11.7 mg%) in the P+ cattle. Approximately 9 months later (16 months of age) these differences had nearly disappeared; the whole blood and serum concentration replication averages were 16.3 mg% and 7.1 mg% forVthe P-cattle and 17.6 rag% and 8.7 rag% for the P+ cattle (table 4) .
Rib-bone levels of phosphorus (replication averages on "as-is" basis) for both years ranged from 9.6% at the beginning of the trial to 8.4% at 16 months of age in the P-group. In the P+ group the range was 9.4% at the beginning of the trial and 8.7% at 16 months of age. Muscle phosphorus content ("as-is" basis) was .21% at 7 months (beginning of the trial) and .24% at 16 months for the P-group, compared to .24% (beginning of the trial) and .24% at 16 months for the P+ group.
The rib-bone sections, on gross examination, appeared the same from both groups. Radiographs of rib cross sections were similar between groups. Histological sections of the ribs did not show any changes that could be related to treatment. Microradiographs evidenced no difference in degrees of hypocalcification and hypercalcification, nor did they demonstrate excessive demineralization.
From phosphorus balance trials conducted when the animals were pregnant, it was found that the P-animals were excreting approximately.14 g/day of phosphorus (l.8%/day total phosphorus intake) in the urine compared with 5.5 g/day (16.7%/day of total phosphorus intake) in the P+ group. The level of phosphorus in the feces was 4.58 g/day (57% of total phosphorus intake) in the P-group, compared to 14.12 g/day (43% of the total phosphorus intake).
Puberty studies showed progesterone was at a low level in the heifers until the first of April (12 months of age), at which time the level started increasing. There was no apparent difference in progesterone levels associated with the level of dietary phosphorus, however, the P-heifers tended to initiate ovarian activity slightly earlier than did the P+, but a greater percentage of P+ were cycling later in the season (table 5) .
Conception rates, calving rates and calves born alive were similar in both groups (table 6 ). An accounting of the animals excluded from the experiment is also given in table 6. The loss of the animals was not associated with the phosphorus treatments. There were two sets of twins born in the P+ (01) group during the first calving. The calving interval is given in table 7. The calving interval commenced with the day the first calf was born of each year. There were three cows that calved beyond the 60th day within the P-group, whereas none calved in the P+ group beyond the 60th day. However, the mean calving day was 19 days for the P-group and 20 days for the P+ group.
Discussion
The individual differences in feed intake were associated with differences in appetite. Certain animals consistently wanted more feed and others would have difficulty in eating the amount they received. Some animals were inconsistent in the amount of feed they consumed. It was necessary to limit some of the hungry animals to standardize the gain of the heifers; this limited our ability to determine if appetite differed between the P-and P+ group. Therefore, a controlled study was initiated with six cows in the P+ group and six cows in the P-group, selected at random. This study failed to show any signficant appetite difference when all controlled cattle were fed the regular ration plus straw to maximum intake. However, there was a slight trend of reduced feed intake of the low-level phosphorus group (table 1) . These results are in agreement with Long et al. (1975) , who reported the necessity of going to .07 to. 09% phosphorus to obtain depressed appetite in steers. However, Tillman et al. (1959) , in a steer feeding experiment, found a benefit in feed consumption and daily gain by increasing phosphorus from the basal diet of. 14 to. 17 and .20% in the diet. There was little difference between the first and second year animals in feed efficiency. The second-year animals had a trend for higher efficiency than the first. The difference could be associated with the different breeding and, of course, a difference in feed quality and the environment variations from year to year. There was no apparent difference in feed efficiency between the P-group and the P+ group with each replication.
Cattle under certain range conditions are subjected to feeds as low or lower in phosphorus as the basal diet (.14%) in the present experiment. However, seldom are range cattle subjected to such marginal phosphorus intake for an extended time bRib bone and intercostal muscle; values are on fresh "as is" basis. Initial biopsies were taken at 7 months of age and post samples at 16 months of age.
CBiopsies taken prior to assigning calves to treatment group; were 7 months old. done animal in the group died from enterotoxemia.
as they have been in this research project. By the ARC (1965) recommendations, the experimental cattle were more nearly adequate in phsophorus intake, for the lighter weights, but more deficient as body weights were increased. One important contribution of the present research is that it has been demonstrated that beef cattle may perform adequately for 2 years (including growth, puberty, conception, gestation and lactation) on a dietary phosphorus level that is 66% of NRC recommendations. Conversely, our research has demonstrated that phosphorus supplementation (172% of NRC recommendation) does not optimize growth response or reproductive performance. Puberty has been associated in heifers with size and age, and because there was no apparent difference in these two conditions from the P+ group to the P-group, as expected, no differences existed at puberty. There were more unbred cows in the P-group, but their performance was superior to that found in field conditions (97% pregnancy rate). Two sets of twins were born in the P+ group during the first calving. The cows that calved late during the first calving were at a disadvantage to conceive the second time. These cows were allowed only one exposure to the bull and in one case the animal came in heat the first time after the bulls were removed.
The heroic phosphorus levels in this research are higher than levels reported by other investigators (Holzochuh et al. 1971; Morrow, 1969) . The method used in this study was to digest samples of whole blood and the entire serum aliquot, including the proteins. Traditionally, serum phosphorus levels are reported for inorganic phosphorus since the proteins are precipitated prior to analysis. The whole blood values and serum values reported in this paper permit a more comprehensive value for circulating levels of phosphorus on a high or low phosphorus ration.
Obstensively, continuous overloading of the animal's body with phosphorus 072% NRC recommendation) for our extended period (2 years) does not produce phosphorus toxicity, nor does a Ca/P ratio as extreme as 8.96:1 cause problems. From a practical standpoint, the major concern of high level phosphorus supplementation, then, is the unnecessary cost, since our research has shown that large quantities of phosphorus have no beneficial effect in beef cattle.
How much lower the phosphorus intake would need to be over an extended time period in order to produce clinical manifestations is conjecture. The low-phosphorus level in these trials was apparently adequate to maintain normal pregnancy and growth. 
